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NATIONAL FOREWORD 

This Indian Standard (Part 4/Sec 11) which is identical with lEC 61000-4-11 : 2004 'Electromagnetic 
compatibility (EMC) — Part 4-11: Testing and measurenr>ent techniques — Voltage dips, short 
interruptions and voltage variations immunity tests* issued by the International Electrotechnical 
Commission (lEC) was adopted by the Bureau of Indian Standards on the recommendation of the 
Electromagnetic Compatibility Sectional Committee and approval of the Electronics and Information 
TechrK)k>gy Division Cour>cil. 

The text of lEC StatKiard has been approved as suitable for publication as ar Indian Standard without 
deviatiorts. Certain conventions are, however, rK>t identical to those used in Indian Standards. 
Attention is particularly drawn to the following: 

a) Wherever the words Intemational Standard* appear referring to this standard, they should 
be read as 'Indian Standard*. 

b) Comma (,) has been used as a decimal marker, while in Indian Standards, the current 
practice is to use a point (.) as the decimal marker. 

The technical corwnrttee responsible for the preparation of this standard has reviewed the provisions 
of tt»e fc^towing !ntematk>nal Standard referred in this adopted standard and has decided that it is 
acceptable for use in conjunctbn with this standard: 

lntBmatk>nat Standard We 

lEC 61000-2-8 Electromagnets compatibility (EMC) — Part 2-8: Environment — Voltage 

dips and short intenruptrons on public electric power supply systems with 
statistrcal n>easurement results 

Only the English text of the Intenr^tional Standard has tjeen retained while adopting it as an Indian 
Standard, and as such the page numbers given here are rK>t the same as in the lEC Publication. 
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Indian Standard 
ELECTROMAGNETIC COMPATIBILITY (EMC) 

PART 4 TESTING AND MEASUREMENT TECHNIQUES 
Section 11 Voltage Dips, Short Interruptions and Voltage Variations Immunity Tests 

1 Scops 

This part of lEC 61000 defines the immunity test methods and range of preferred test levels 
for electrical and electronic equipment connected to low-voitage power supply networks for 
voltage dips, short interruptions, and voltage variations 

This standard applies to electrical and electronic equipment havmg a rated input current not 
exceeding 16 A per phase, for connection to 50 Hz or 60 Hz a c networks 

It does not apply to electrical and electronic equipment for connection to 400 Hz a c networks 
Tests for these networks will be covered by future I EC standards 

The object of this standard is to establish a common reference for evaluating the immunity of 
electrical and electronic equipment when subjected to voltage dips, short interruptions and 
voltage variations 

NOTE VoltiQ* fluctuation immunity tests »f« covered by fEC 61000-4^14 

The test method documented in this part of lEC 61000 describes a consistent method to 
assess the immunity of equipment or a system against a defined phenomenon As descnt>ed in 
lEC Guide 107, this is a basic EMC publication for use by product committees of the lEC As 
also stated in Guide 107, the lEC product committees are responsible for determining whether 
this immunity test standard should be applied or not. and, if applied, they are responsible for 
defining the appropriate test levels Technical committee 77 and its sub-commrtteei are 
prepared to co-operate with product committees in the evaluation of the value of particular 
immunity tests for their products 

2 Mormstivs rsfsrsncts 

The following referenced documents are indispensable for the application of this document For 
dated references, only the edition cited applies For undated references, the latest edition of 
the referenced document (including any amendments) applies 

lEC 61000-2-8, Electromagnetic compattbihty (EMC) - Part 26 Envfronmer)t - Voltage dtps 
and short interruptions on public electric power supply systems with statistical measurement 
results 

3 Tsrnis and definitions 

For the purpose of this document, the following terms and definitions apply 
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3.t 

iMsic EMC standard 

standard giving general and fundamental conditions or rules for the achievement of EMC. 
which are related or applicable to all products and systems and serve as reference documents 
for product committees 

NOTE As d«t«rmin«d by the Admory CommittM on El«ctromagn«tic Compatibility (ACEC) - s«« lEC Guide 107 

3.2 

immunity (to a disturbance) 

the ability of a device, equipment or system to perform without degradation in the presence of 
an electromagnetic disturt^ance 

(lEV 161-01-201 

3.3 

voltage dip 

a sudden reduction of the voltage at a particular point of an electricity supply system below a 
specified dip threshold followed by its recovery after a brief interval 

NOTE 1 Typically, a dip n associated with the occurrence and termination of a short orcutt or other extreme 
current increase on the system or instaltattcns connected to it 

NOTE 2 A voltage dtp is a two-dimensional electromagnattc disturbance, the level of which is determined by both 
voltage and time (duration) 

3.4 

short interruption 

a sudden reduction of the voltage on all phases at a particular point of an electric supply 
system t)elow a SF>ecifrecl interruption threshold followed by its restoration after a brief interval 

NOTE Short interruptions are typically associated with switchgear operations related to the occurrence and 
termiftation of short ctrcMits on the system or on installations connected to it 

3.5 

residual voltage (of vott^KI^ dip) 

the minimum value of r m s voltage recorded during a voltage dip or short interruption 

NOTE Ttte rasidual voltage may be expressed as a value in volts or as a percentage or per unit value relative to 
the rafarerKe vottage 

36 
malfunction 

the termination of the ability of equipment to carry out intended functions or the execution of 
unintended functions by the equipment 

3.7 
calibration 

method to prove that the measurement equipment is m compliance with its specifications 

NOTE For the purposas of this standard, cahtnation ts applied to the test generator. 

3.8 
verification 

set of operations which is used to check the test equipment system (eg. the test generator 
and the interconnecting cables) to demonstrate that the test system is functioning within the ■ 
specifications given in Clause 6 

NOTE t Tfm methods used for varlfication may be dtfTarent from those used for calibration 

NOTE 2 Th« verrftcatton pfocadure of 6 12 ts meant as a guide to insure the correct operation of the test 
generator , and other items malcrrtg up the test set-up that the intended waveform is delivered to the EUT 
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4 General 



Electrical and electronic equipment may be affected by voltage dips, fthort interruptions or 
voltage variations of power supply 

Voltage dips and short interruptions are caused by faults in the network, prtmahty short orcuits 
(see also lEC 61000-2-8). in installations or by sudden large changes of load. In certain cases, 
two or more consecutive dips or interruptions may occur Voltage variations are caused by 
continuously varying loads connected to the network. 

These phenomena are random in nature and can be minimally characterized for the purpose of 
taboratory simulation in terms of the deviation from the rated voltage and duration 

Consequently, different types of tests are specified in this standard to stmutate the effects of 
abrupt voltage change These tests are to be used only for particular and justified cases. 
under the responsibility of product specification or product committees. 

It is the responsibility of the product committees to establish which phenomena among the 
ones considered in this standard are relevant and to decide on the applicability of the test 

6 Test levels 

The voltages in this standard use the rated voltage for the equipment {Uj) as a basjs for 
voltage test level specification. 

Where the equipment has a rated voltage range the following shall apply: 

- if the voltage range does not exceed 20 % of the tower voltage spectHed for the rated 
voltage range, a single voltage within that range may be specified es a basis for test level 
specification (Uj): 

~ in alt other cases, the test procedure shall be applied for both the lowest and highest 
voltages declared in the voltage range; 

- guidance for the selection of test levels and durations is given in lEC 61000-2-8 

5.1 Voltage dips and short interruptions 

The change between Uj and the changed voltage is abrupt The step can start and stop at any 
phase angle on the mains voltage The following test voltage levels (in % C^) are used %, 
40 %, 70 % and 80 %, corresponding to dips with residual voltages of %. 40 %, 70 % and 
80% 

For voltage dips, the preferred test levels and durations are given m Tat^e 1, and an example 
is shown in Figure la) and Figure 1b) 

For short interruptions, the preferred test levels and durations are given in Tat)(e 2, and an 
example is shown in Figure 2 

The preferred test levels and durations given in Tables 1 and 2 take into account the 

information given in lEC 61000-2-8. 

The preferred test levels in Table 1 are reasonably severe, and are representa^ve of many real 
world dips, but are not intended to guarantee immunity to all voltage (^ps. More severe (^ps. for 
example % for 1 s and balanced three-phase dips, may t>e considered by product 
committees 
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The voltage rise time, i^ and voltage fall time, tf. during abrupt changes are indicated m 
Table 4 

The levels and durations shall be given in the product specification. A test level of % 
corresponds to a total supply voltage interruption. In practice, a test voltage level from % to 
20 % of the rated voltage may be considered as a total interruption 

Shorter durations in the table, in particular the half-cycle, should be tested to be sure that the 
equipment under test (EUT) operates within the performance limits specified for it 

When settmg performance criteria for disturbances of 0,5 period duration for products with a 
mains transformer, product committees should pay particular attention to effects which may 
result from inrush currents For such products, these may reach 10 to 40 times the rated 
current because of magnetic flux saturation of the transformer core after the voltage dip 

Table 1 - Preferred test level and durations for voltage dtps 



Class* 


Test level and durations for voltage dips {t^) (50 Hz/60 Hz) 


Class t 


Case-by-case according to the equipment requirements 


Class 2 


% durmg 
% cycle 


% during 
1 cycle 


70 % during ZS/SC^ cycles 


Class 3 


% durmg 
V4 cycle 


% dunng 
1 cycle 


40 % durmg 
10/12' cycles 


70 % during 
25/30' cycles 


80 % dunng 
250/300' cycles 


Class Xt> 


X 


X 


X 


X 


X 


• Classas »s par lEC 61000-2-4. sat Annex B 

^ To ba dafinad by pfoduct commrttat For «qu)pm»nt connactad directly or indirectly to the public network, the 
lavats must not ba lass severe than Class 2 

' *25/30 cyctas" means '25 cycles f^r 50 Hz test" and '30 cycles for 60 Hz test" 



Table 2 - Preferred test level and durations for short interruptions 



Class* 


Test level and durations for short interruptions (r,) (60 H2/6O HzJ 


Class 1 


Case-by-case according to the equipment requirements 


Class 2 


% durmg 250/300" cycles 


Class 3 


% during 250/300* cycles 


Ctass X» 


X 


• Classes es p^f lEC 610O0-2-4. sea Annex B 

^ To ba dafinad by product commrttee For equipment connected dtrectty or indirectly to the public network, the 
lavate must not ba lass severe than Class 2 

"" '250^300 cyclas* maai^s '250 cycles for 50 Hi tasf and "300 cycles for 60 Hz test* 
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5.2 Voltage variations (optional) 



This test considers a defined transition between rated voltage Uj and the changed voftage 

NOTE The voltage change takes place over a short pertod. and may occur fium to change of toad. 

The preferred duration of the voltage changes and the time for which the reduced voltages are 
to be maintained are given in Table 3 The rate of change should be constant, however, the 
voltage may be stepped. The steps should be positioned at zero crossings, and should be no 
larger than tO % of Uj. Steps under 1 % of Uj are considered as constant rates of change of 
voltage. 

Table 3 - Timing of short-term supply voltage variations 



Voltage test level 


Time for decreasing 
voltage (r^) 


Time at reduced 
volt»ge(/,) 


Time for Increasing 
voltage <rj (90 Hz/tO Hz) 


i ^°* 


Abrupt 


1 cycle 


25/X>» cycles 


i X- 


X» 


X» 


X« 


• To be defined by product commrttee 

=> -25/30 cycfes" means "25 cycles for 50 Hz tesr and '30 cycles for 80 Hz tear 



This shape is the typical shape of a motor starting 

Figure 3 shows the r m s voltage as a function of time Other values may be taken m justified 
cases and shall be specified by the product committee 




NOTE The voitage decreases to 70 % for 25 periods Step at zero crossing 

Figure 1a) - Voltage dip - 70 % voltage dip sine wave graph 
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Uy (rms) * 



100% 



40% 



0% 




ff Vottag« rising tim« 

ff Vottag* fait tim* 

r^ Ttm* at raducad vo^{^ 



Figure lb) - Voltage dip - 40 % voHage dip r.m.s. graph 



Figure 1 - Voltage dip - Examples 



100%^ 



0%^ 



Kay 

f, VoKaga rrsing tima 

Sf Vo^aga fall tima 

t^ Tima at faducad voftaga 



Figure 2 - Short interruption 
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Key 

r^ Tim* for decreasing voltage 
t^ Tima for incraasing vottage 
/, Tima at reduced vottage 



6 Test instrumentation 



6.1 Test generator 



Figure 3 - Voltage variation 



The following features are common to the generator for voltage dtps, short interruptions and 
voltage variations, except as indicated 

Examples of generators are given m Annex C 

The generator shall have provision to prevent the emission of heavy disturbances, which, if 
injected in the power supply network, may influence the test results 



Any generator creating a voltage dtp of equal or more severe characteristics (ampfftude and 
duration) than that prescribed by the present standard is permitted 
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6. 1 . 1 Characteristics and performance of the generator 

Table 4 - Generator specifications 



Output voltage at no toad 


As required in Table 1 . ± 5 % of residual voltage value 


Voltaijo change with toad at the output of the generator 
100 % output. A to t6 A 
80 % output A to 20 A 
70 % output. A to 23 A 
40 % output. A to 40 A 


less than 5 % of Uj 
tess than 5 % of t/^ 
less than 5 % of Uj 
less than 5 % of Uj 


Output current capability 


16 A r m s. per phase at rated voltage The generator 
shall be capable of carrying 20 A at 80 % of rated value 
for a duration of 5 s. It shall be capable of carrying 23 A 
at 70 % of rated voltage and 40 A at 40 % of rated 
voltage for a duration of 3 s. (This requirement may be 
reduced according to the EUT rated steady-state supply 
current, see Clause A. 3). 


P9ak rnrush current capability (no requirement for 
voltage variation tests) 


Not to be limited by the generator. However, the 
maximum peak capability of the generator need not 
exceed 1 000 A for 250 V to 600 V mains. 500 A for 
200 V to 240 V mains, or 250 A for 100 V to 120 V 
mains 


Instantaneous peak overshoot/undershoot of the 
actual voltage, generator loaded with 100 Q resistive 
load 


Less than 5 % of Uy 


Vottage mm (and falf) time t^ {and r,). see Figures 1b) 
and 2. durir^ abrupt change, generator loaded with 
too Q resistive toad 


Between 1 ^s and 5 ps 


Phase shifting (if necessary) 


0' to 360' 


Phase relationship of voltage dips and interruptions 
with the power frequency 


Less than +10 ' 


Zero crosstng control of the generators 


±10* 



Output impedance shall be predomtnantly resistive. 

The output impedance of the test voUage generator shall be low even during transitions (for 
example, less than 0.4 ♦ jO.25 U) 

NOTE t The 1(X} n resistive load used to test the generator should not have additional inductivity 

NOTE 2 To test equipment which regenerates energy, an external resistor connected in parallel to the load can be 
added The lest result must not be influenced by this toad. 



6.1.2 Verification of the characteristics of the voltage dips, short interruptions 
generators 

in order to compare the test results obtamed from different test generators, the generator 
characteristics shall be verified according to the foUov^^ing 

- the 100 %. 80 %. 70 % and 40 % r m s output voltages of the generator shall conform to 
those percentages of the selected operating voltage: 230 V. 120 V. etc . 

- the 100 %. 80 %, 70 % and 40 % r m s output voltages of the generator shaft be measured 
at no foad and shall be mamtained vwthm a specified percentage of the Cj, 
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- load regulation shall be verrfied at nominal toad current at each of the output vottages and 
the variation shall not exceed 5 % of the nominal power supply voltage at 100 %, 80 %, 
70 % and 40 % of the nominal power supply vottage. 

For output voltage of 80 % of the nominal value, the above requirements rteBii only be verified 
for a maximum of 5 s duration. 

For output voltages of 70 % and 40 % of the nominal value, the above requirements need only 
be verified for a maximum of 3 s duration. 

If it is necessary to verify the peak inrush drive current capabtltty, the generator sh^l be 
switched from % to 100 % of full output, when driving a load consisting of a suitat)le rectifier 
with an uncharged capacitor whose value is 1 700 \if on the dx. side. The test shall t>e carried 
out at phase angles of both 90"" and 270*. The circuit required to measure generator inrush 

current drive capability is given m Figure A.I 

When tt ts believed that a generator v^rith fess than the specified standard generator peak 
inrush current may be used because the EUT may draw less than the specified standard 
generator peak inrush current (eg. 500 A for 220 V-240 V mains), this shall first be con^rmed 
by measuring the EUT peak inrush current When power Is applied from the test generator. 
measured EUT peak inrush current shall be less than 70 % of the peak current drive capability 
of the generator, as already verified according to Annex A The actual EUT inrush current shall 
be measured both from a cold start and after a 5 s turn-off. using the procedure of Clause A3 

Generator sv^tching characteristics shall be measured v^th a 100U load of suitable power* 
dissipation rating 

NOTE Th« 100 n resistive toad used to test \h% generetor should not have eddittonel tnductivtty 

Rise and fall time, as well as overshoot and undershoot, shall be verified for switching at t>oth 
90'' and 270^ from % to 100 %. 100 % to 80 %, 100 % to 70 %, 100 % to 40 %, and 100 % to 

0% 

Phase angle accuracy shall be verified for switching from % to 100 % and 100 % to %, at 
nine phase angles from 0' to 360* in 45' increments It shall also be verified for switching 
from 100 % to 80 % and 80 % to 100 %. 100 % to 70 % and 70 % to 100 %. as vwH as from 
100 % to 40 % and 40 % to 100 %. at 90' and 180* 

The voltage generators shall, preferably, be recalibrated at defined time periods in accordance 
with a recognized quality assurance system 

6.2 Power source 

The frequency of the test voltage shall be within t 2% of rated frequency 

7 Test set-up 

The test shall be performed with the EUT connected to the test generator with the shortest 
power supply cable as specified by the EUT manufacturer If no cable length is specified, it 
shall be the shortest possible length suitaWe to the application of the EUT 
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The test set-ups for the three types of phenomena described in this standard are: 

~ vottage dtps. 

- short interruptions; 

- voltage variations with gradual transition between the rated voltage and the changed 
voltage (option) 

Examples of test set-ups are given in Annex C. 

Figure C.1a) shows a schematic for the generation of voltage dips, short interruptions and 
voltage variations with gradual transition between rated and changed voltage using a 
generator with internal switching, and Figure C.1b) using a generator and a power amplifier. 

Figure C 2 shows a schematic for the generation of voltage dips, short interruptions and 
voltage venations using a generator and a power amplifier for three-phase equipment. 

8 T«st procedures 

Before starting the test of a given EUT. a test plan shall be prepared. 

The test plan should be representative of the way the system is actually used. 

Systems may require a precise pre-analysis to define which system configurations must be 
tested to reproduce field situations. 

Test cases must be explained and indicated in the Test report. 

It IS recommended that the test plan include the following items: 

- the type designation of the EUT; 

- information on possiNe connections (plugs, terminals, etc.) and corresponding cables, and 
peripherals. 

- input power port of equipment to be tested; 

- representative operational modes of the EUT for the test; 

" performance critena used and defined in the technical specifications, 
" operational mode{s) of equipment; 

- description of the test set-up 

If the actual operating signal sources are not available to the EUT. they may be simulated 

For each test, any degradation of performance shall be recorded. The monitoring equipment 
should be capable of displaying the status of the operational mode of the EUT during and after 
the tests After each group of tests, a full functional check shall be performed. 
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8.1 Laboratory reference conditions 

8.1.1 Climatic conditions 

Unless otherwise specified by the committee responsible for the generic or product standard 
the climatic conditions in the laboratory shall be within any hmtts specified for the operation of 
the £UT and the test equipment by their respective manufacturers 

Tests shall not be performed if the relative humidity is so high as to cause condensation on the 
EUT or the test equipment 

NOTE Where it is considered that there Is sufficient evidence to demonstrate that the effects of the phenomenon 
covered by this standard are inftuenced by climatic conditions, this should t>e brought to the attentton of the 
committee responsible for this standard 

8.1.2 Electromagnetic conditions 

The electromagnetic conditions of the laboratory shall be such as to guarantee the correct 
operation of the EUT in order not to influence the test results 

8.2 Execution of the test 

During the tests, the mains voltage for testing shall be monitored within an accuracy of 2 % 

8.2.1 Voltage dips and short interruptions 

The EUT shall be tested for each selected comtxnation of test level and duration with a 
sequence of three dips/mterruptjons with intervals of 10 s minimum (between each test event) 
Each representative mode of operation shall be tested 

For voltage dips, changes in supply voltage shall occur at zero crossings of the voltage and at 
additional angles considered critical by product committees or individual product specifications 
preferably selected from 45*. 90', 135*. 180*. 225*. 270* and 315* on each phase 

For short interruptions, the angle shall be defined by the product committee as the worst case 
In the absence of definition, it is recommended to use 0* for one of the phases 

For the short interruption test of three-phase systems, all the three phases shall t>e 
simultaneously tested as per 5 1 

For the voltage dips test of single-phase systems, the voltage shall be tested as per 5 1 This 
implies one series of tests. 

For the voltage dips test of three-phase systems with neutral, each individual voltage (phase- 
to-neutral and phase-to-phase) shall be tested, one at a time, as per 5 1 This implies sjx 
different series of tests See Figure 4b) 

For the voltage dips test of three-phase systems without neutral, each phase-to-phase voltage 
shall be tested, one at a time, as per 5 1 This implies three different series of tests See 
Figure 4b). 

NOTE For thre«-phase systems, during a drp on a phase-to-phase voltatie a change wi« occur on one or two of the 
other voltages as well. 

For EUTs with more than one power cord, each power cord should be tested individually 
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70% 



70% 



70% 




NOTE Ph•s•-tc^-n•ut^•l Ustinfl on thr««-pha»e systems is p«rform«d one phase at a time 

Figure 4a) - Pha$e-to-ncutral testing on three-phase systems 





-70% - 

m 



NOTE Phts«-lo-phas« testing on three-phase phase systems ts also performed one phase at a time. Both (A) and 
(B) show a 70 % dip. (A) is preferred, but (B) is also acceptable. 

Figure 4b) - Phase-to-phase testing on three-phase systems 
Figure 4 - Phase-to*neutral and phase-to-phase testing on three-phase systems 

8,2.2 Voltage variations (optional) 

The EUT is tested to each of the specified voltage variations, three times at 10 s interval for 
the most representative modes of operations. 

f Evaluation of tost rasuitt 

The test results shall t)e classified in terms of the loss of function or degradation of 
performance of the equipment under test, relative to a performance level defined by its 
manufacturer or the requestor of the test or agreed between the manufacturer and the 
purchaser of the product The recommended classification is as follows: 

a) normal performance within limits specified by the manufacturer, requestor or purchaser; 

b) temporary loss of function or degradation of performance which ceases after the 
<^sturt>ance ceases, and from which the equipment under test recovers its normal 
performance, without operator intervention; 

c) temporary loss of function or degradation of performance, the correction of which requires 
operator intervention, 

d) loss of function or degradation of performance which is not recoverable, owing to damage 
to hardware or software, or loss of data. 

The manufacturer's specification may define effects on the EUT which may be considered 
insignificant, and therefore acceptable 
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This classification may be used as a guide in formulating performance criteria, by committees 
responsible for generic, product and product-family standards, or as a framework for the 
agreement on performance criteria between the manufacturer and the purchaser, for example 
where no suitable generic, product or product-family standard exists 

NOTE The performance levels may be different for vottage dip tests and short interruption tests as w«H as for 
voltage variations tests, if this optional test has been required 

10 Test report 

The test report shall contain ail the information necessary to reproduce the test in particular, 
the following shall be recorded: 

- the items specified in the test plan required by Clause 8; 

- identification of the EUT and any associated equipment, eg. brand name, product type. 

serial number; 

- identification of the test equipment, eg brand name, product type, serial number, 

- any special environmental conditions in which the test was performed, for example shielded 

enclosure; 

- any specific conditions necessary to enable the test to be performed. 

- performance level defined by the manufacturer, requestor or purchaser, 

- performance criterion specified in the generic, product or product-family standard. 

- any effects on the EUT observed during or after the application of the test disturbance, and 
the duration for which these effects persist, 

- the rationale for the pass / fail decision (based on the performance criterion specified m the 
generic, product or product-family standard, or agreed between the manufacturer and the 
purchaser), 

- any specific conditions of use, for example cable length or type, shieldmg or groundrng, or 
EUT operating conditions, which are required to achieve compliance 
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Annex A 

(normative) 



Test circuit details 



A.i Test generator peak inrush current drive capability 

The circuit for measuring generator peak inrush current drive capability is shown in Figure A 1. 
Use of the bridge rectifier makes it unnecessary to change rectifier polarity for tests at 270° 
versus 90* The rectifier half-cyc!e mains current rating should be at least twice the generator's 
inrush current drive capability to provide a suitable operating safety factor. 

The 1 700 pF electrolytic capacitor shall have a tolerance of ±20 %. It shall have a voltage 
rating preferably 15 % - 20 % in excess of the nominal peak voltage of the mains, for example 
400 V for 220 V - 240 V mains It shall also be able to accommodate peak inrush current up to 
at (east twice the generator's inrush current drive capability, to provide an adequate operating 
safety factor The capacitor shall have the lowest possible equivalent series resistance (ESR) 
at both 100 Hz and 20 kHz, not exceeding 0,1 O at either frequency. 

Since the test shall be performed with the 1 700 pF capacitor discharged, a resistor shall be 
connected in parallel with it and several time constants (RC) must be allowed between tests. 
With a 10 000 Q resistor, the RC time constant is 17 s, so that a wait of 1,5 min to 2 mtn 
should be used between inrush drive capability tests. Resistors as tow as 100 Q may be used 
when shorter wait times are desired 

The current probe shall be able to accommodate the full generator peak inrush current drive for 
one-quarter cycle without saturation 

Tests shall be run by switching the generator output from % to 100 % at both 90* and 270*. 
to ensure suffiaent peak inrush current drive capability for both polarities. 



A. 2 Current nfioniter*s characteristics for measuring peak inrush current 
capability 



Output voltage m 50 O toad 
Peak current 
Peak current accuracy 
r m s current 
/ » r maximum 
Rise/fall time 

Low-frequency 3 dB point: 
Insertion resistor: 



0»01 V/A or more 

1 000 A minimum 

± 10 % (3 ms duration pulse) 

50 A minimum 

10 A • s or more 

500 ns or less 

10 Hz or less 

0,001 a or less 
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A.3 EUT peak inrush current requirement 



When a generator peak inrush current drive capability meets the specified requirement (eg. at 
least 500 A for a 220 V - 240 V mains), it is not necessary to measure the EUT peek irtfush 

current requirement. 

However, a generator with less than this inrush current may be used for the test, if the mrush 
requirement of the EUT is less than the inrush drive capability of the generator The arcutt of 
Figure A.2 shows an example of how to measure the peak inrush current of an EUT to 
determine if it is less than the inrush drive capability of a low-inrush drive capabiltty generator 

The circuit uses the same current transformer as the circuit of Figure A 1. Four peak inrush 
current tests are performed: 

a) power off for at least 5 min; measure peak inrush current when it is turned back on at 90*; 

b) repeat a) at 270"; 

c) power on preferably for at least 1 min; off for 5 s; then measure peak inrush current when it 

is turned back on again at 90°; 

d) repeat c) at 270'. 

In order to be able to use a low-inrush drive current capability generator to test a parbcutar 
EUT. that EUT's measured inrush current shall be less than 70% of the measured mrush 
current drive capability of the generator. 



Voltage 

intemipt 

generator 

G 




Components 

G voltage interrupt generator, switctied on at 90* and 270* 

T current prot>e. with monitoring output to oscilloscope 

B rectifier bridge 

R bleeder resistor, not over 10 000 Q or less than 100 Q 

C 1 700 mF ± 20 % electrolytic capacitor 

Figure A.1 - Circuit for determining the inrush current drive capability of 
the short interruptions generator 
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To oscilloscope 




Figure A.2 - Circuit for determining the peak inrush current requirement of an EUT 
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(informative) 

Electromagnetic environment classes 



B.I Electromagnetic environment classes 

The following classes of electromagnetic environment classes have been summarised from 
lEC 61000-2-4. 

• Class 1 

This class applies to protected supplies and has compatibilrty levets lower than puWic network 
levels. It relates to the use of equipment very sensitive to disturbances in the power supply, for 
instance the instrumentation of technological laboratories, some automation and ^otectton 
equipment, some computers, etc. 

NOTE Class 1 environments normally contain equipment wh»ch requires protection by euch apparstut at 
uninterruptible power supplies (UPS), filters, or surge suppressers 

• Class 2 

This class applies to points of common couphng (PCC's for consumer systems) and in-plant 
points of common coupling {IPC's) in the industrial environment in general The compatibility 
levels in this class are identical to those of public networks, therefore components designed for 
application in public networks may be used in this class of tndustnal environment 

• Class 3 

This class applies only to IPC's in industrial environments It has higher compatttxtity levels 
than those of class 2 for some disturbance phenomena For instance, this class should t>e 
considered when any of the following conditions are met. 

- a major part of the load is fed through converters, 

- welding machines are present; 

- large motors are frequently started, 

- loads vary rapidly 

NOTE 1 The supply to highly disturbing loads, such as arc-furnaces and large converters which are generally 
supplied from a segregated bus-bar, frequently has disturbance levels m excess of class 3 (harth environment) In 
such special situations, the compatibility levels shouW be agreed upon 

NOTE 2 The class applicable for new plants and extensions of existir^g plants should relate to the type of 
equipment and process under consideration. 
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Annex C 

(informative) 



Test instrumentation 



C.I Examples of generators and test set-ups 

Figures C.1a) and C.1b) show two possik>ie test configurations for mains supply simulation. 
To show the behaviour of the EUT under certain conditions, interruptions and voltage 
variations are simulated by means of two transformers with variable output voltages. 

Voltage drops, rises and interruptions are simulated by alternately closing switch 1 and 
switch 2. These two switches are never closed at the same time and an interval up to 100 ^s 
with the two switches opened is acceptable. It shall be possible to open and close the 
switches independently of the phase angle. Semiconductors switches constructed with power 
MOSFETs and IGBTs can fulfil this requirement Thyrlstors and triacs open during current 
zero crossing, and therefore do not meet this requirement. 

The output voltage of the variable transformers can either be adjusted manually or 
automatically by means of a motor. Alternatively, an autotransformer with multiple switch- 
selected taps may be used. 

Wave-form generators and power amplifiers can be used instead of variable transformers 
and switches (see Figure C.1b)). This configuration also allows testing of the EUT in the 
context of frequency variations and harmonics. 

The generators described for single-phase testing (see Figures C.1a). C.1b) and C.1c) can 
be also used for three-phase testing (see Figure C.2) 



PhM0 o- 



»«Pi)*y 



for phas«-«o-i)h»s« Q- 



Vanabto transfonn*f 1 






4^-4- 



-■N. 



Switch 1 



-i"V- 



Swilch2 



VanabI* tnnsforrmt 2 



I 



EUT 



Voltm«t«r 
osciHoscope 



Figure C.la) - Schematic of test in st ni mentation for voltage dips, short interruptions 
and voltage variations using variable transformers and switches 
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ControMer 
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Waveform 


Neutral O — ! — 








Figure C.lb) - Schematic of test instrumentation for vottage dips« 
short interruptions and voltage variations using power amplifier 



Phas* o- 



Pow»f 
supply 



^teut^a) (or Phase for 
phase-to-phase O- 
tests) 




EUT 




Figure C.lc) - Schematic of test instrumentation for voltage dips, 
short interruptions and voltage variations using tapped transformer and switches 

Figure C.I - Schematics of test instrumentation for voltage dips, 
short Interruptions and voltage variations 
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Pt»»»(S) O- 



Controiler 



Power 
S«PP*y 



Wav«-form 
generator 



Three 

phases power 

amplifier 



Neutral 0- 



EUT 



Voltmeter 
oscilloscope 



Figure C.2 - Schematic of test instrumentation for three-phase voltage dips. 
short interruptions and voltage variations using power amplifier 
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